ABSTRACT | About three decades of intensive research suggest that tumor necrosis factor-alpha (TNF-α) is a "miscreant". Although it is obvious that supra-physiological TNF-α levels are deleterious to cellular activities leading to a variety of pathological conditions, it is unlikely that complete removal of TNF-α is cytoprotective. Are we rejecting the basal physiological role of TNF-α as a reactive oxygen species (ROS) producer that is key and essential for numerous basal cell signaling processes? We believe that there are important protective roles for TNF-α under basal/physiological conditions. We propose that one such role is that of signaling through nuclear erythroid 2 p45 related factor-2/antioxidant response element (Nrf2/ARE). Confirming our hypothesis that TNF-α is necessary and sufficient for the basal activation of Nrf2/ARE transcriptional pathways, will change the existing paradigms on the function of TNF-α. This article briefly reviews the canonical role of TNF-α as miscreant and introduces a new role as a hero in the context of Nrf2-antioxidant signaling.
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TNF-α AS AN INFLAMMATORY MARKER AND A SIGNALING MOLECULE
Tumor necrosis factor-alpha (TNF-α), a potential cytokine (an inflammatory marker and a signaling molecule), released upon acute inflammation by the monocytes and macrophages [1] [2] [3] . TNF-α is pivotal for intracellular signaling and generates reactive oxygen species (ROS) by activating NADPH oxidases, which are major sources of ROS production in cells. The ROS are critical for regulating various physiological processes in cells and provide basal activation of key signaling pathways [1, 4, 5] . A trimeric TNF-α binds to one of its major receptors on the cell membrane (TNFR1 of 55 kDa or TNFR2 of 75 kDa) and exerts its pleiotropic effects in cell signaling cascades [6, 7] . In this review, we hypothesize a novel role for TNF-α involving the nuclear erythroid 2 p45 related factor-2 (Nrf2)/Kelch like ECH associated protein (Keap1) signaling pathway, which is a master regulator of hundreds of antioxidant/cytoprotective genes.
We recently described that increased intracellular reducing power (reduced form of glutathione [GSH], NAD(P)H, cysteine) termed "reductive stress" is causally linked to protein aggregation and cardiac hypertrophy/heart failure in mice harboring a human mutant transgene for a small heat shock protein, αB-crystallin (hR120GCryAB) [8] . Of interest, we found an increased and sustained nuclear translocation of Nrf2 in the hR120GCryAB hearts [9] ; but basal mechanisms for Nrf2 function remain elusive. Our recent report showed that exogenous TNF-α supplementation to the HL-1 cardiac myocytes significantly increased Nrf2 activity and its nuclear translocation, whereas knock-down of TNF-α prevented Nrf2 nuclear translocation [10] . These results indicate a vital role for TNF-α in Nrf2/antioxidant response element (ARE) signaling. Evidence from the last three decades of research using TNF-α over expression models [11] revealed pivotal roles for TNF-α in several oxidative stress diseases including diabetes, cancer, cardiac hypertrophy, and cardiomyopathy [12] [13] [14] . Consistent with this evidence, abolishing TNF-α using TNFR1/R2 knockout mouse models showed increased protection against oxidative stress diseases [15] . In contrast, other studies have shown that chronic TNF-α blockade in the elderly resulted in impaired immune function, increased risk of cancer, and cardiovascular complications [16, 17] , suggesting that basal signaling mechanisms through ROS generation may be important for redox homeostasis. Thus, a critical link for such TNF-α deficiencymediated disorder could be related to a decrease in Nrf2/ARE dependent cytoprotection, which has yet to be elucidated in a great detail. Considering the fact that either supra-physiological or sub-physiological (abrogation) levels of TNF-α are detrimental to cellular life, we believe that its physiological level is essential for regulating Nrf2-Keap1 signaling under basal conditions.
TNF-α BLOCKERS AND POTENTIAL THERAPEUTIC PROBLEMS
Use of TNF-α blockers such as monoclonal antibodies against TNF-α or specific receptor blockers has been found to result in deleterious consequences in various cells and organ systems [17] . Recent evidence indicates that anti-TNF-α therapy using different agents is associated with adverse risk of cancer, demyelinating disorders, and cardiovascular complications [16, 17] . Several other reports indicate that prolonged TNF-α deficiency results in a wide range of immune system disorders starting from asymptomatic immunological problems to life-challenging autoimmune diseases. Although, at present, the associated mechanisms for TNF-α deficiency are not known, issues linked to basic cellular redox status could be of potential importance. Generation of ROS is a crucial requirement for any living cell in order to trigger the signaling cascades and perform physiological processes [4, 5, 18] . In this context, the role of TNF-α is important [19] and its chronic deficiency might lead to cell injury. Currently, it is uncertain to what extent TNF-α deficiency might be associated with dysregulation of transcriptional mechanisms that drive cytoprotective antioxidant gene expression.
DRAWBACKS OF TNF-α KNOCKDOWN ON NRF2-DEPENDENT TRANSCRIPTIONAL/ REDOX SIGNALING
In spite of emerging evidence showing that TNF-α deficiency leads to cellular injury and disease, there is currently no in vivo or in vitro model that directly examines the mechanistic issues related to antioxidant/cytoprotective defense mechanisms under TNF-REACTIVE OXYGEN SPECIES | aimsci.com/ros 300 VOLUME 4 | ISSUE 11 | SEPTEMBER 2017 ©2017 AIMSCI Inc. All Rights Reserved. ROS α deficient conditions. Based on the preliminary studies performed in several cell culture models (H9c2 myoblasts, HL-1 cardiomyocytes, and olfactory epithelial cells-OP6/OP27), we believe that abolishing TNF-α will lead to chronic impairment of cellular redox defense mechanisms [11, 20] . A welter of information establishes that the transactivation mechanisms of ARE-containing defense genes, at basal conditions, are dependent on the stabilization and biological function of Nrf2 [21, 22] . Under basal physiological conditions, the bioavailability of ROS (generated through various metabolic and physiological processes including via TNF-α and NADPH oxidases) is necessary for the stabilization and activation of Nrf2 [10, 23] . However, the degree of Nrf2 activation varies according to the level of stress. We believe that TNF-α contributes to physiological concentrations of ROS required for the basal ARE signaling mechanisms of the cell (Figure 1). 
WHY IS THIS DIRECTION/IDEA SIGNIFICANT?
We propose a novel signaling mechanism that may explain numerous observations regarding TNF-α deficiency associated with chronic TNF-α blockade, or diseases associated with age-related oxidative stress. Over three decades of intensive research on cytokines and inflammatory responses reveal potential 
ROS
pathological consequences for TNF-α in various human diseases [24] . In contrast, the elderly suffer impairments to their immune system, evidenced by higher susceptibility to infections, cancer, and many diseases believed to be directly associated with TNF-α deficiency [25] [26] [27] . However, elucidating the TNF-α deficiency associated mechanisms for transcriptional regulation of antioxidants and cytoprotective genes in different cell types/organs will be vital. Since TNF-α induces ROS generation, it is important to determine whether it contributes to Nrf2/ARE signaling under physiological (aging) or pathological (e.g., cardiovascular diseases) conditions associated with oxidative stress. Our future research will investigate the molecular cross talk between TNF-α-induced ROS and Nrf2/ARE activation in musculoskeletal and cardiac systems. Further, transcriptional regulation of antioxidant/cytoprotective mechanisms involved in the pathogenesis of inflammation and/or unresolved-inflammation mediated cardiac hypertrophy/heart failure also will be investigated.
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